Bipolar Transistor Technology: Past and Future Directions

I
T IS now more than 50 years since the invention of the bipolar transistor. The emergence of the transistor from Bell Laboratories in late 1947 and early 1948 was the first step in the development of today's semiconductor electronics industry. Currently transistor production is on the order of 10 /year. Although CMOS has acquired an ever-increasing role, the bipolar transistor retains its position as a premier technology for high speed circuits, power amplifiers, mixed-signal and precision analog components, and in other applications. In the intervening years, bipolar technology went through many changes, some evolutionary and some revolutionary. It was the topic of a great deal of energetic and insightful research. It continues today to be a topic of great excitement.
This Special Issue provides an unusual mix of papers. It contains the following.
1) Historical papers that give insight into the personal and organizational side of past developments. These are issues that seldom are evident in the standard technical papers of T-ED, but we believe provide a singular perspective on the excitement associated with bipolar research. 2) Current research articles that describe issues important to various aspects of state-of-the-art bipolar transistor technology. 3) Overview articles on new concepts which summarize recent research in areas that may provide breakthroughs in performance in the years to come. The retrospective flavor of this issue is particularly timely in light of the fact that two contributors of many key ideas for bipolar transistor technology development were recognized with the Nobel prize in Physics in 2000. The concept of the integrated circuit from Jack Kilby was key to the widespread application of transistors. And although the Nobel citation for Herbert Kroemer focuses on his contributions to the double heterostructure laser, Dr. Kroemer also was the originator of many ideas that propelled bipolar transistor developments (as described in one of the papers in this issue).
The issue is organized according to a roughly historical outline. The first papers describe developments in the early days of the transistor, with emphasis on people and places Publisher Item Identifier S 0018-9383(01)09093-1.
where key contributions were made. Subsequently, innovations in bipolar transistors with polysilicon emitter technology are described, both in historical review, and as descriptions of current research. Later in the issue, the history and recent developments in SiGe bipolar transistor technology are given. Finally, III-V HBT work is described. In this category, there are several overview articles that provide a valuable summary of exciting research results that may propel the technology for decades to come.
The wide diversity of papers makes clear that many different areas of physics and technology are associated with bipolar transistors. It is also clear how research contributions to bipolar technology come from all across the globe.
The editors would particularly like to draw attention to a series of interesting and insightful invited papers in this issue. Articles by Warner, Early, Ning, and Harame are primarily historical, and describe the evolution of the technology based on Ge, Si, and more recently, SiGe, along with fascinating glimpses of the personalities of the developers and the organizations they worked for. Articles by Rodwell and Ishibashi provide overviews of new physics concepts, implemented principally in III-V semiconductors.
The editors are grateful to all the authors for their contributions. The editors are also grateful to them for their patience through the prolonged period of assembling this issue. The editors are additionally grateful to the reviewers that helped hone the articles to their present state, and to the staff at our various organizations and the IEEE that contributed to putting this issue together.
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